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Publication Title: 

DEVICE CONSISTING OF THIN FILM TRANSISTOR 



Abstract: 

PROBLEM TO BE SOLVED: To improve the property of an n-channel organic 
semiconductor material to be used for a TFT that an n-type organic 
semiconductor compound has a single linear array of an nonsaturated ring and a 
LUMO energy level has a specific value besides showing a field-effect quantum 
mobility. 

SOLUTION: A device using a TFT consisting of an n-type organic semiconductor 
material consists of a thin film transistor with a gate 14, a source 10, a drain 12 
and an n-type organic semiconductor compound. This n-type organic 
semiconductor compound has a single linear array of an unsaturated ring to be 
selected from a carbon ring and a heterocycle and has a lowest unoccupied 
molecular orbit(LUMO) energy level of about 3.5 to about 4.6eV in reference to a 
vacuum energy level. This compound shows an electric field effect electron 
mobility above 2&otimes 10<-4> CM<2> V<-1> S<-1> . Further, the n-type 
organic semiconductor compound is selected from NTCDA, NTCDI and 
TCNNQD. 
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(54) IS&WOZm »lgt>7>^X^*^&55 i A*'fX 
(57) [9»] 

s. i^h^y^x^tt, y-K y-x, 

5-4. 6 e V^gffi#£##^flii 
x*;|^-U<yU£*j-fS. ioft^jjii, 2X10-' 
cm*V->s-ija±<^MWMR«^»»*i^. ico 
x\i . P f - a- *;Mr»T F T fctf * i t #T-# 
6. n»*«Hmi*ft^«tt, NTCDA, NTCD 
I. TCNNQD*»^a»?Sa*. 



f- hum i 




• 
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tK^iXtznmm^-')-TTV~^L. LUMO 
^*)l%-\sK)Vtf%^*)\,^-\sK)VZW£t LX 
®3. 5~&4. 6eVt*l>o, 2xl0-*cm 

2 v- ' s - ' &.±.<7)nm$kn=F&mjg. z^tz t&m 

[!iM3J MBLUMOx*;Mr-I^;M;L jt£x 
^y^-^;USr^ii:LT^4. 0-H&4. 6eVt 

b mmbtmm i ib«otv^ 7, . 



NC^ ^CN 



4, 4, 



t sir $*u> < 1 1 1 ocoaji^#v v ^ i fc 

[ !f$3 8 ] WE*- 'J - 7 7 U-tt , < b t> 1 
■tiiMi^liSttOTAV^. 

[ is*^ 9 ] ma h 7 y vx , ^ttft»R*ax 

{±«3giS^*-l)^77U-S:*-f &i£&fab')>-%< b 

c n$g 10] fiiE h 7 y : jx ?\$. itm^mm 
xim.fm<?)%.- 'j -77 u-* *t* <ti}®ib'j?% < 

c in$g 11] mivyy=jx9\i. nmm&am 

X\mWM<?)%--V-T7V-i-%L^ LUMOX^ 

^-vKivifif^x.^)^- \s<)vzmmb lx® 3 . 

5~ift4. 6eVC*0» A 1 "?, 2xlO-*cm2V-i 
s-»JJLhOWH»*«^»ii*t^tJ: o£!fS2<7)-fk£ 

[w$a 1 2 ] wiEft^ftii, mt&.£.wmm& 
ztizzb mmb-tmsm i iesorAV x. 



7*})\s#*i')WJ7VtY7-4 Y (NTCDA:naphtha 
lene tetracarboxylic dianhydride) . 1,4,5,8-T7? 
l/yfb^M^yyl/y.'f $ Y ( NTCD I :naphtha 
lene tetracarboxylic diimide) , 11, 11, 12, 12-Th 5 
i/77T7 h-2,6-^f7^^y (TCNNQD:tetrac 
yanonaphtho-2, 6-qui nodi methane ) fy^MffiZtlhikS 

mx'hhzbmmb -t&m& 1 f bkotv u x . 

Clf*«6 ] ttiEJJL-y -TTV-te, *M 7Vv7 

y, Anyy, xhn. #;Mfx/K 
Hbi] 



R 0 



-e 



b. ) . 

[ft2] 

.0 



• \ 

[Il*ifl3] lirlB^f^-ft^W^Ji. H-AV 
h<m£frt>%2>Zb&<mb -f 419^^1 2IES5cOt 

[«*B14] y-ht. V-7.t, HW-fVfc.a 
[000 1] 

iffltonmtiffl&ftm win ^KHfiRh^yy 

(TFT) *1tt&T>-WX£mt&. 
[0002] 

*««Kh7^'X^ (TFT) (4. II 
SHttaHBOffl!$r»ji&R*fc:$r & t MWZ tiX v ^ . 

-f X7]/-* ] $ffl}%-£hZ.b£M\,\b1\X^h. TFT 

iS (20 , C) X"J?%<bi>%)l 0- 4 cm2V-i s -i(7)« 

mtmmmmt. mta. *mttft=FVi3s. (hom 

0) X^df-U^tikffiAW^rTflji (LUMO) 

j^tav xo*y/jj-7itS5Jt^o^>*»^N , 7P< 



(3) «fffl 3 P1 0-1 3 548 1 



it. XW, Lowry et al., Mechanism and Theory in Or 
ganic Chemistry, Harper &;Row Publishers, 553(197 
6). Gamier et al., Synthetic Metals, 45, (1991)16 
3-171. Dodabalapur et al.. Science, 269, 1560 
(1995)«PttfB«S*l"CV>4. 

[0003] mxzt^x. imm^ms&mm 

FTtffij&«£j£3*lT^*. Ztlt><Dttfflt&Z. 0. 
0 1-0. 6cm2V-'s-i<7)^»jK£irr£pS¥g 

(copper phthalocyanine) . a— v-f-^^xXsexit 
hiophene). ^y^-fey (pentacene) S . ifclL Katz 
et al., Chemistry of Materials," Vol.7, No. 12, 22 
35(1995) s Lin et al., Device Research Conference, 

vol. 175(19%) t j: w nmzi&^&m&z&i- 

fr#*ri/V v7iS7>t Yv-i K(perylenetetracarbox 
ylic dianhidride:PTCDA)25.t/'-?-«Ov-f 5 Yffi&fo 
t,Z&l\\t:%!fflX'$)&. XM. Dodabalapur et al., Sc 
ience, 269, 1560(1995) £#B£tSfcJ:K PTC DA 

UL3] 




X*h&. itOPTCDAtiTFTtfc^Tl 0-<~l 0 

- 5 cm!v-i s-io>*-y-<rffmm:m-. PTCD 
t'ai&^n : &m&frt>x'b&. io-2~o. 3 cm* 

V- 1 s - 1 o$EB<9 N *;l<8ttK ( 9K 
ft) ttC 6 ,fcJ:oT3tlfc5;h^*#£<^£«ii!BR 

[0004] aa^nf-Y*;UWI ! «fWim* {i OrV^ 

t t^wmmm^m^ju x\,zwm*s-z. * . -e 
lt i ^ss^r n ^mmmmtrnm^z t 

it. nf-v^TVUyTXi/VayTFTftffit tfc 
t^»pf-v*^TFTflfi**tJA>f 7*1) 7 KffiUBB 
EK^^fc^EV^. XSL A. Dodabalapur et al., 
Appl. Phys. Lett., 68, 2264 (1996) £ JLhk X \\ Z 



f - * *;PT F TRVIi® n f-\>*/l/T F T SffiH 
[0005] 

[3g0J]#»&LJ:3fcTri>Ilffl] Cc7)J;dt. &#L*: 
«rtt ^»ft) £*1-TFTWta6<0n^*^ 

mmt&zkzmt-tz. 

[0006] 

?-y. v-x. hwv. ai^njg^rismi*ft^ft 

4 . 6 e Vcomm^ttTWm ( LUMO ) x*>Wf 
-U^SriTfl). -KOfc^Ji, 2xlO" 4 cm2V 
- 1 s-aXLc^^gVf^iSftmeld effect electr 
on mobility) u^f^M Xll pf-^^M^li 

It. 1,4, 5, 8-77 >t\-7*1 )VX5;is)V : J7yt Y 
7-i H ( NTCDA:naphthalene tetracarboxylic dia 
nhydride) . l,4,5,8-t7^l/yf h5W^y;l-y 
■4 5 r* (NTCDI : naphthalene tetracarboxylic dii 
mide) , ll,ll,12,12-Tr-7^7/77 r-2,6-*7 : J 
( TC NNQD : tetracyanonaphtho-2 , 6-qu i nod i 
methane) frbBtilZtll . 
[0007] 

xmsgio. KHysffii2. y-h«®i4, y- 
1 6 , aas 1 8 . ¥**«B2 o £#-ri> . t 

FT*qH»^-Htci3v^»fW-*i:*t:. 7-xio 

l/CJWWfctty-* H M y<59^»* s '5r< . ^7 
«ffiJi. f-v^**ty^7$iTJti:#<7)y-Xl 0 
t Y W y 1 2«0^2rs£rl&Sg[Ei: LT«*§ix, 

HCOT F T Tlii «i k fi 0 h-V-X 
mzltflX&Zl. ^y«SEfi. ft*/W6«Lt 
U5t?«y-Xl OkHU'f y 1 2^SrgS&h.smSE 
kUT^il$iX.i.. Qft*Ai»t-HflTFTT 

it, z(7)ztimv>7-Y-v-xmmzzii,xmz 

h. ^2 0 0nm<OJ?§<O^-M5im#:16T'{is TF 

i ov«t»}*s^. ^yk*7<ofam^ 7^y^{i, 

y- M5?Bfr l 6 £ 4 ft#oT¥$#-i^fls$#ffl^ 
oy-hmffil4*^S^HILTI^*LT, 



(4) 



WWl 0-1 35481 



[0 0 08] 02<7M >^-?CD£?%mmB\B\$&CDffi 
Wf-**;KOTFT3&«ftffif3 0i:L-Cfflv^4)*i. mm?) 

[00 0 9] GWiTFTiGt&mTt LTtt, LCD 

[0010] *#JIIi. n»£«¥»fM>raa»&$rST 
KH^a^n I^MM^tt & SMS h v 

fl»i:LT»3. 5~#J4. 6 e V<Ogffi#£W#7flil 
(LUMO) x*;Mf-K/|^£-f.g ) . .KOfc^ft 

a. 2x1 o-« c m'v-i s-^xt^mmmn.^m 

SSr^-T. LUMOI±SSx*K-I/^«l}; L 
T&4. 0~»4. 6eVfc"t*i:J:H. 
[00 11] LUMOX^df-l^P&t^ilft 

®M<n<im£i l m7fii-ztte%it>tiT^&. lum 
SKIHi*fKBfc:fi!itf . ttl . l evtfti. fto 

;l/mig{i, 4. 2eVT*>l>. .I<7)4. 2eV^D^/l/ 
«8E?>*|-£\ #>3 . 5~#>4. 6eV(7)LUMOxM 
df- U^|C« L V ny fc*f 
LTft-0. 7~^+0. 4eVT**. »6*lT^4 



[0012] immt v-ttu-z 

itoam&i iwi&i Zcik&m xh h . y x 

immmx'h^xt>£<. ztit><rmt. #&<r>m&v 
zmzMiazmnx'&zK . mtsmon.?*-*)^ 

-\s<>l-Xte7'a-tx;-ty*-fZ%z.i£ot,z±l,zm 
7Vt K^-f h\ ^NTCDAtNTCD \<T>4 5 H 

±K4H t «fi*IE Lit PTC DA (iK»HX«i^SS^ 

TCDAtfOaffljtcOSti, 3Ja±*)teC08KftVvO*S 
frhX'hh. £tc. PTCDAIi, #«#2-3*>IS£* 
1-|>2o^iJ^^U-rr^-S:^oi><7)t LT#^^> 

[0013] 5X{i6H» 

7^l^>X{i^7 N^y-f K(naphthoquinoid)Sr<-X 

Ut4] 




LTiJ:^. 
[■ft 5 3 





w // 




[0014] *BWivvW:Sgi&fcfcR£S*vSrv* 

*x.t>tlh. Ztl^mmimiii, £§L Lowry et a 
1., Mechanism and Theory inOrganic Chemistry, Harp 
er &; Row Publishers, 28-31, 559-566(1976), fcfcVi 

IX , L U M Ol^df-W^l^frSKH^JSlT^ 2 
O^Pi^BeCi^^^S. Wfe. (a)n«Slt 

■r §<r t tRicc t . ( b ) nm^mmmtitm 

4) . £<0tt»fci)taHRLfcLUMOX*/Mf"-V 

[0015] WS^LUMOx^^-u^HKi. 1 
f#4>til>o .TOLUMOx^rt^-l^HIfci, 

i^(withdrawing) XfiftRl^loS^^VU-ri: LT#f* 
£ k ifiV* S. ico J: o +£7)V--r\$, mUtX 
IK. Lowry et al . , Mechanism and Theory in Organic 
Chemistry, Harper &; Row Publishers, 62-71(1976), 




iz&^xfemti. sm*3*it^*. zommizx^ 

X. ZtibvWm&m^&ZklzZ-oXk'VXoizVi 
Solum ox^/i^-i^m^- mtiLTZ h frlfWh 

frtSro-T^s. mz, smmi. LUMo\«ifa 

-tt, «!o-C. LUMO<OSBKK93:5efc, x*/Mf"-<St6[ 

it£Zitn><7)k%z.&zktfx-*h. z<r>m&t. X 

IR, Ferraro et al., Introduction to Synthetic Elec 
trical Conductors, AcadetnicPress, Inc., 22(1987), 

[ft6] 



fc/HV^i fB!OSm*fc tT«±, y77, 

//"\ 



R. MRS Symp. Proceedings, 413, 13(19%), fcTfiH 

[0016] mnwmitmx^hzktfhti*^ 



Ht8] 




-tttinmrnmrntsmt. 1.4,5,8-^7^1/ 

Vf h7*y^y^y7Vt K (NTCD A:n 
aphtha lene tetracarboxylic di anhydride) , 1,4,5,8- 
t-7^U-yrh7^t^>-;^ S H (NTCD I :n 




NTCDA NTCDI 

Zti^COmA^LUMOX.^H-^-mitttl^tL. 3. 
8-3. 9eV, 3. 5-3. 8eV. 4. 3-4. 4 

eve&ft. iii^coffli, ijSoJSrffifcJ: OSISSii 

fc. 

[0018] TlZ7jk?m<7)£ o [z. 8&6££aft?& 

ftfoOt. TFTt:i3tt6SW*fci|^|flKOia<o«#ffi 
raStetfEKiftKM* v > Sfi < frft i fc . m&^mn 

mklX%x_t>ilt. 

[0019] ***0fW>f *Wn»*WNWWfr&ft 
fcts^Ttt. »-U-r7^HilJ^O*M8HMti:IS 
£LTVYt«>J;<. S^i^'Jv-Srtlf:!^ 
l/cwcfcio. jpix, Vyyi/xtte. lteUbajSfl 

Xt± 1 JSUbojM* ^WL-^Xfi:* 'J v- 

ti«*aW)*-'J 2 jyjttf)8$r* n 

£S*iLTiKj3. 5-4. 6eVT'$>9, 2x10"* 
fr^iXh^W 

[00 2 0] n.-V-TTV-ttthtt&Mt, TF 

T«a« (mm. zmt^^m. #im $ k <*rt>o 
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aphthalene tetracarboxylic diimide) s 11,11,12,12- 
T 1-7^7777 h-2,6-^y^^y (TCNNQD: 
tetracyanonaphtho-2 , 6-qu i nodi methane ) ii* <? $ ft. 

ft. £*i£*)fll»£Tfcji*"f. 
Hb9 3 



NC 




TCNNQD 

V>£o%n£M.m*. 1 0-7-1 0-Horr^SEH^Sfr 

EXX'?-##y7xitmk#yrztLt:n£i'XTJ> 

«cafflf ft - 1 * 5 t * ft * u v-tii-^-r ft z t m<r> 
-mmmmizx^x. xnnm^mmmt^m^m 
mti*tyzmMX'Z&®mco*x"M-£-thztiz±~> 

X. fc&teim^&coffX^. ZWfc&fali. x?yt' 
y?. yvyrjy?. x-yf-y^xtty y/77-f- 

#T'£ft. 

[0021] mix. it®ftmMximmm<7)%-v 
-rrv-i^-th nmrnmrntsmz v y y : sz 
?izm&mwmzmmmzit¥tmmLxi>^\ 

umm. mimx'W&Lxmt%^&&m%m 

tlZtizX-oX. HHfcT**. i^-ft^PJfcLTH^ 

*fcf mX'Z ft . *^Bfl£7)fV^ ZWt^ZffiEfl 

mttc^Y-^yHs.. mm. f'Ux&WKV® 
mkfczvmtzztii-zbtzXix. Bvmx'M&x'* 
ft. ftftcD-fymit, mm. mtaitzr^ xzmm 
^yj<-mzm^x. MflSfrbMwsnia. mo 

- 2 torr £ X'BZf} £~Bf ft £ K J: OBfcfeTft £ t 
ft. 

[0022] #-';xrru-*^=5rft njBHfc-^cjn 
ix. *%m<7)T'U xit. P^^i^mmmy-yy 

ffiffl^HUS^^^ftT^M^SrSlLTV^ft. £*>J:3 



(7) 
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iXit, m??v>'T-y, a-fe?i/^7iy, ^.y 
[0023] itz. *W%cr>T>U x<nnm%W&mfo 

■ft^fSsfcL Dodabalapur et al . ^^^fiiimO 8/4 
4 1 14 2^CfB$iXT^.i»<J:d=S:ZJl^TFTHfc 
tf4loo«fcLTJB^4<r£#T'#4. ^J:^j:f 
> U x it . l o# n #T 1 o# p * 2 o<7)}S14 & 

JN;^V^-ffl*»COTFTi:fC«flgT#S. Xtt. Doda 
balapur et al., Science, 269, 1560(1995) t X 

[0024] 

imam: iznzmwmz^t. 

[0025] NTCDA, NTCDI, TCNNQDJ 
•eil-eiX, Aldricfc£L ICNtL TCIChemical Co.ft*^ 
WALfc. m-fnSr 1 0-«torrOT^ffi^lT'SS#$ 
LT»8?Lfc„ #flrtt*»feOTFTIi, n#$r>f*±fc 
JftWfc^fiLfcfclWfcM *tf)3 0 0 n m^ffi«i«Srffi 

rru i^*/mL#4, 12. 2 5um-ChhXoi,zy 
3 x 1 0- 6 torrJaT-ca6RJbt**lW. 

SrJ^Bfe Ufc. T F T^mmMtf tttiHewlett-Packard^ 
145b¥g#; \'5 X Ti- y 4 <f- * ffl V ^TKSTWt 

[00 26] NTCDA TFT 
H3fcfcL SfiiaK5 5iC-CietSfl. f-^/HIl 2 
jum^^rtSNTCDA*»4,i8iSfutTFTO«SW 
=fttt£*1\ OKU. ffiUKWy-V-AttBciUH 

fc&-?T^4. NTCDA TFTtCfcV^TN^fE^ 5 
flR£ L T V * * Z t Iff* LX h 4 . ZtHtHcoy- h ) M 
TXtfJEWM yW±TX\ mMLX^&V-x-V 
M yWfa (Ids) *3t*-t*fc«)(Cse«Tft63i»4,T 

nzmsmmx <m f ») ii. 

I BS =.(Wci/2L) ^ FE (V 8 -V 0 ) 2 

Uttifflftfe yxxfo o s v G {±^'- h 

nth Ids 1/2 «7D ? He* 9fH«-*£fc 
4. ) T*£>4. 

[00 27] wm&&2 5X:X'mm^tltz^T CD P.K 
-XCDTFTtttLT, 1 X 1 0" 3 ~3X 1 0- 3 cm2 
V- 1 s " i Ol£«^£9»jK*<ft $>ftfc .TFT £ AMO 
Sat $ ^ k X *) ffiv >»»K#8»3 *u «Stt±** 



'Ct'^*$tL^NTCDA^)TFTt1i. lO^cm 2 

v-i s-icr>*-y-<7)&®mz®muz. n%imm& 
t a < & 4 £ £ , mA^mm^m^za v 

^ft*>^tail££fc#JSHkLT#;i4>*i4. X 

[0028] NTCD ICOTFT 
mmE&5 5°CX'MMZtlfzNTCD iCOTFTOmm 
WWfttli, NTCDAt|iia^4*V\ BP*. fiHK 

M y-y-*TOcfeft4*B«totra^K w y- 
v-zw£izmmmmi<7>&&ztFUz. v&m 

ffltZtlbCDTrtj XlZftLX , 2xlO- , ~3xlO 
-« cm 2 V-i s-'^-^-T-fco^r. ClixJiNTCD 
ATWItfcSiMEJ: 0 1 1 fijHS^*{»?*i. 

[0029] TCNNQDOTFT 
S^?SJg2 5*Ct"^*$fL^TCNNQD<7)TFTt*f 
LT. mig&Mfcltz. »»K9xiO-«-2xiO 
-3cm'V-i s -im^. d*l4»(7)^»S{i. 
WtF-TL/if-h^^rydry^^y (TCNQ:t 
etracyanoquinodimethane) t^J; r>X%hflh i><DX 0 
iiS<, NTCDA<Ot,OfcE35i!-t4. TCNNQD2: 

tgttSr^L/c. ^tfctt4fflfr3 T 7»^A»^§iX^ 
^,*3 ^SS^fc^NV x* 2~3#S 6 Ufctft. H4 lz 
EWSfiT ^4 J: d (Cgttftt^ L L*^fe S"f 
/*7it{41. 5-2*»4>5~l 8^tiijDU?t. 
[0030] 

Lfc. ffl«OTFT(?)f-^^;HS{i N 2 5 0^mt-$> 

&txp f-r *;i/T f Ttigij^co^- -y r±tis(t. mmw 

ti:*]trt-& 4 . p f-^ F Ttcfctt4 AMW^flf) 

10- 2 cm2V-ls-lJ;OtA#V^. 
[003 1 ] 05fc{4. ^typf-tWFT*! 
mST'N TCDA»nf+ ^PT F TjWHWPFT* 4 

*}-r*)VT F TcT)^--^ ^HHi-til-fix. 2 4m mRV 
AumX'h^tz. fttftVEUl 0 VT'$>oT, A^lffi 
v lB *t/hSvMio«fc:*W*aj*«E^>« (v„ t > « 

Vsuppiy [R-off (n) / {R on ( P ) +R 
off (n) > ] 



(8) 
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tt, TFT<03T7fifiia^Vffifii-C*4. iCO^frO 

*;UT F T{iSR Wfc* y\ t %h 0 , p *tvf> < 

V in MvC, V out tt, [R on (n) / <R on (p) + 
R eff (n) > ] tt£->tz, Ztlhrf&tli. TFTO 

[0032]I6Cli, NTCDAWnft^TFT 

^TFTiMft^cO^Ht^^-t. ffi^TFTWf-v* 
;t*ti. 4^mT'«^«E(i, -lOVTftifc. 
COO 33] 

IfcUT, »3. 5-4. 6 e Vco«HK#,5*#?«i 
itx*;Mf-W^£Wtl>. itftftefttt. 2xio 
- 4 cm*V-»s->ja±^)«jH»»*^»«UJE*Srf. d 
cDt'U Xtt. p ***/MTltTFT£:|rtS.r fc#T* 
*6. n»*«MmW*fl:^1ftli, NTCDA, NTCD 
I, TCNNQD^jiiiR$*U. £*>J:3fcLT» 9K 



[01 ] AS«*TFT<o«jSollfiiiHT*4. 

im<?>wmw?*>t. 

[03] NTCDAfcJ:OI6fiSitfcTFT<0»tt*3i5 
■t^7 70T'&!>. 
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